A simple and efficient incompressible Navier-Stokes solver for unsteady complex geometry flows on truncated domains, Computers &amp; Fluids, 2017. 150, pp.84-94. http://dx.doi.org/10. 1016/j.compfluid.2017.03 [7] has proposed the entropically damped artificial compressibility (EDAC) method which is applicable to both steady and unsteady flows without the need for dual-time stepping. The EDAC scheme was successfully tested with both a finite-difference MacCormack's method for the two-dimensional lid driven cavity and periodic double shear layer problem and a finite-element method for flow over a square cylinder, with scaling studies on the latter to large numbers of processors. In this study, we discretize the EDAC formulation with a new optimized high-order centered finite-difference scheme and an explicit fourth-order Runge-Kutta method. This is combined with an immersed boundary method to efficiently treat complex geometries and a new robust outflow boundary condition to enable higher Reynolds number simulations on truncated domains. Validation studies for the Taylor-Green Vortex problem and the lid driven cavity problem in both 2D and 3D are
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an immersed boundary method to efficiently treat complex geometries and a new robust outflow boundary condition to enable higher Reynolds number simulations on truncated domains. Validation studies for the Taylor-Green
Vortex problem and the lid driven cavity problem in both 2D and 3D are
presented. An eddy viscosity subgrid-scale model is used to enable large eddy simulations for the 3D cases. Finally, an application to flow over a sphere is presented to highlight the boundary condition and performance comparisons to a traditional incompressible Navier-Stokes solver is shown for the 3D lid driven cavity. Overall, the combined EDAC formulation and discretization is shown to be both effective and affordable.
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where M is the Mach number. More details and discussions about the math-110 ematical derivation of equation 2 can be found in [7] . In all the results
111
presented in this study, the divergence of the velocity was no larger than 0.2 112 locally, with a spatially averaged value lower than 10 −4 . scales on the large-scales are modeled using an eddy viscosity SGS model.
118
The closed filtered EDAC equations are:
whereτ ij contains the filtered viscous stressesτ ij and the SGS tensor (τ ij ) SGS :
Employing an eddy viscosity based SGS model yields [27] 121
where
The eddy viscosity ν T is specified in terms of gradients of the filtered velocity is neglected as small and the filtered pressure equation is simply:
Numerical methods

128
The filtered EDAC equations 3 and 7 are first written in the following con-129 servative vector form:
where 
The semi-discrete form of equation 8 is temporally integrated using the classic 
In all the results in this paper, the 4 th -order accurate version of the family 138 of schemes is used where p = 2, n = 4 and the scheme coefficients are:
More details, discussions and proofs regarding these new finite-difference 140 schemes can be found in [22] . In order to reduce high-frequency spurious 141 oscillations, a 4 th -order spatial filter [2] is applied to the primitive variables 142 after each time step as shown: 
We can see that the 4 th order scheme (black) shows high oscillations near the 
Immersed Boundary Method
167
In order to efficiently simulate flows over or through non-Cartesian geome- 
where n is the outward pointing normal unit vector, U 0 is the characteristic the velocity gradient at the outlet plane can be derived:
More details about the derivation of the formulation and validation results
191
can be found in [10] . the L 2 norm of the error as follow: 
2D Double Shear Layer (2D DSL)
207
In order to assess the role of numerical dissipation in the solver and its ability 
Algorithm Efficiency Assessment
306
In order to assess the computational efficiency of the overall solver, several 307 tests were run. First, the scalability of the solver was studied for the 3D LDC 308 problem. It is parallelized using Message Passing Interface (MPI). Figure   309 11-a shows the scalability for two different tests: in black we can see the 
